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1  | INTRODUC TION

Post- operative nausea and vomiting (PONV) occurs in approximately 
20%– 40% of patients after general anaesthesia (GA).1 Patients 
can experience their first episode of PONV either early at the 

post- anaesthesia care unit (PACU) or later at the wards or at home in 
ambulatory settings.

There is no consistent definition of early PONV in the litera-
ture. Some studies report early PONV as PONV observed within a 
specified post- operative time interval2- 5 (ie, 0- 2 hours or 0- 4 hours), 
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Background: The overall risk of post- operative nausea and vomiting (PONV) after 
general anaesthesia is reportedly 20%– 40%. The first episode of PONV may occur 
early in the post- anaesthesia care unit (PACU) or later at the ward or after discharge 
at home in an ambulatory setting. This study aimed to investigate and describe the 
risk of early PONV in a PACU, and we hypothesised that patients and perioperative 
factors were associated with early PONV.
Methods: This single- centre retrospective observational study was conducted in a 
Swedish county hospital from January to June 2017 and included adult patients who 
underwent surgical procedures under general anaesthesia. Perioperative data were 
obtained by reviewing the local registry for surgical procedures, medical records and 
anaesthesia and post- operative charts. Early PONV was defined as PONV occurring 
up to 4 hours post- operatively at the PACU. Any notification in the medical records, 
perioperative charts or the registry regarding nausea, vomiting or PONV treatment 
was regarded as PONV. Univariate and multivariate analyses were performed for fac-
tors associated with early PONV.
Results: A total of 2030 patients were included in the study, of which 9.6% (n = 194) 
experienced early PONV. Factors associated with a high risk of early PONV were sub-
optimal PONV prophylaxis, need for opioids, female sex, body mass index >35 kg m−2 
and major surgery and anaesthesia time ≥60 minutes.
Conclusion: We found that every 10th patient under general anaesthesia experi-
enced early PONV. Suboptimal PONV prophylaxis and previously acknowledged risk 
factors for PONV were associated with early PONV.
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whereas others report it as PONV during the entire PACU stay.6- 9 
The risk of early PONV in prospective trials is reportedly around 
20%.10,11 In a randomised controlled trial with 1180 patients, vola-
tile anaesthetics were reported to have a high risk for early PONV 
(0- 2 hours) as compared with propofol anaesthesia, whereas being 
a child, early PONV and the use of post- operative opioids were the 
risks for delayed PONV (2- 24 hours).2 Further, studies reporting 
early PONV are often controlled trials evaluating interventions and 
using a specified cohort of patients.3- 5,8

At the PACU, patients are extensively monitored, and resources 
are available to evaluate PONV. Further, many hospitals include 
PONV at PACU in quality registries, and analysis of PONV can be 
easily accessible. Around half of patients that experience any PONV 
have PONV at PACU,10- 12 and as early PONV is a risk for delayed 
PONV,2 early PONV might be considered an important indicator to 
identify procedures and factors with high overall PONV risks on an 
institutional level.

The aims of this retrospective exploratory study were to estimate 
the risk of early PONV after surgical procedures under GA and iden-
tify factors associated with early PONV in a mixed- patient cohort. 
We hypothesised that in a large mixed- case cohort, patients and 
perioperative factors associated with early PONV could be identified.

2  | MATERIAL S AND METHODS

The study was a retrospective observational review of patients' medi-
cal records and was approved by the Regional Ethical Review Board 
in Umeå (2018- 06- 12, 2018/233- 3, Chairman Anders Iacobeus). The 
need for informed consent from the patients was waived by the board.

Inclusion criteria were age ≥18 years, surgical procedures con-
ducted under GA and/or mixed GA + regional anaesthesia in the 
departments of general surgery, orthopaedic surgery, gynaecology, 
urology, ophthalmology, ear, nose and throat at Sundsvall's hospital, 
Sweden, between 1 January 2017 and 30 June 2017. GA was defined 
as the use of either volatile or intravenous anaesthesia or a combi-
nation of these two anaesthetics. Patients who underwent surgery 
solely with regional anaesthesia or light sedation with propofol were 
excluded. Further criteria for exclusion were procedures with sensi-
tive patient data (ie, abortions), insufficient data from perioperative 
medical records, patients with re- operation during the same hos-
pitalisation and inaccessibility of the medical records due to a high 
level of confidentiality.

The departmental routine for premedication involves a basic 
analgesic, that is, paracetamol and/or a cyclooxygenase- 2 inhibi-
tor (etoricoxib), provided that the patient has no contraindications. 
Further, for procedures expected to result in increased pain sever-
ity, long- acting opioids (peroral controlled- release oxycodone) could 
be included in the premedication regimen; alternatively, a regional 
block (epidural analgesia, intrathecal analgesia, upper or lower ex-
tremity nerve blocks) was performed. The choice of anaesthesia was 
based on the type of procedure and local tradition. There were no 
major changes in this routine during the study period.

A list of all patients scheduled to undergo procedures during the 
study period was obtained from the local surgical registry (Orbit® 
Version 5, Evry Healthcare System AB). Patients under 18 years 
of age; patients undergoing sensitive procedures (abortions), not 
requiring PACU stays, undergoing psychiatric procedures (ie, elec-
troconvulsive therapy) and undergoing procedures outside the op-
erating room (OR); and patients who underwent procedures under 
local anaesthesia were removed from the list. After selecting the el-
igible patients, study variables were obtained from the surgical reg-
istry, medical records, patient's health declaration form, anaesthesia 
charts and PACU charts.

Based on the known risk factors for PONV,13,14 variables col-
lected from the sources were preoperative: age, sex, height, weight, 
body mass index (BMI), American Society of Anaesthesiologists 
(ASA) physical status, smoking status, history of PONV or motion 
sickness, same- day surgery or inpatient surgery and elective or 
emergency surgery; perioperative: surgical procedure and type of 
anaesthesia, administered PONV prophylaxis, long- acting opioids 
during anaesthesia (ie, morphine towards the end of the procedure) 
and the duration of surgery and anaesthesia; and post- operative: time 
at the recovery unit, events of nausea/vomiting, pain assessments 
registered on the PACU chart, administered PONV rescue treatment 
(antiemetics), administered opioids, registration of PONV and data 
on pain relief obtained in the surgical registry.

The simplified PONV score (Apfel score) was used to estimate the 
individual risk for PONV. The score was the sum of the factors of the 
female gender, history of PONV or motion sickness, non- smoking sta-
tus and anticipated need for post- operative opioids.15 Anticipated need 
for post- operative opioids was specific for each type of surgical proce-
dure and was based on the clinical routine at the department.

The PONV prophylaxis was defined as interventions during an-
aesthesia to reduce the risk of PONV. The departmental routine for 
PONV prophylaxis was based on the PONV score and published 
guidelines13,15 and consisted of utilising total intravenous anaes-
thesia (TIVA) when possible, ondansetron (4 mg IV), betamethasone 
(4- 8 mg IV) and droperidol (0.5 mg IV). The selection of prophylactic 
treatment was decided by the attending anaesthesiologist.

Further, PONV prophylaxis aimed at being administered in re-
lation to the PONV risk. To classify if the prophylaxis given to each 
individual was adequate, we used the relationship between the sim-
plified PONV score and the number of prophylaxis given. We consid-
ered that a patient was given optimal prophylaxis when the number 

Editorial comment

Post- operative nausea and vomiting (PONV) can be de-
pendent on a variety of perioperative factors. This ret-
rospective register analysis of a mixed- patient cohort 
revealed that early PONV occurred in every 10th patient 
and that suboptimal PONV prophylaxis was strongly asso-
ciated with this.
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of prophylaxis given was at least one less than the PONV score.13 
Suboptimal prophylaxis was considered when, for example, a patient 
with a PONV score of three (factors) was given only one prophylaxis. 
If the number of prophylaxis given exceeded the optimal amount, 
we considered it as more than optimal. Our model is a linear simpli-
fication of the recommendations of the third consensus guidelines 
from 2014,13 with the difference being that with four risk factors, we 
considered three prophylactic measures as a minimum, whereas the 
guidelines recommend a minimum of two.

The clinical routine in the PACU was to administer alfentanil or 
morphine for post- operative rescue treatment of pain and ondan-
setron for established PONV. All administered drugs were docu-
mented on the PACU chart.

2.1 | Definition of outcome variables

Early PONV was defined as any documented event of nausea and/or 
vomiting OR the administration of PONV treatment at the PACU OR 
the registration of PONV events in the surgical registry. Further, we 
limited early PONV to the first four post- operative hours in the PACU.

2.2 | Data analysis and statistics

Our sample size was primarily based on the resources available for 
the review of patient records, and we considered that analysis of 
a 6- month period, with potentially 2000- 3000 patients undergoing 
GA, as feasible. To justify the sample size, first, we estimated the 
minimal number of patients needed to describe the 95% confidence 
interval (CI) of the primary outcome variable (PONV risk) with an 
absolute 2% marginal error. As the number of patients is dependent 
on the outcome in the binominal distribution, the minimal number 
of patients needed, in the PONV risk interval 10%– 25%, was 864- 
1801 patients. Furthermore, for the logistic regression, we retrieved 
a minimal number of 800- 2000 patients for the same PONV risks 
using the criterion with 10 or more events per variable (EPV) and 
with 20 independent variables.16

All statistical analyses were performed using SPSSTM (SPSS 
Statistics for Macintosh, Version 24.0. IBM Corporation). The re-
sults are presented with descriptive methods, and the variables are 
presented either as absolute numbers with percentages or as mean 
values with standard deviations (SD), as appropriate. Further, a 95% 
binominal proportion CI was calculated for the primary outcome 
variable (PONV risk).

For the univariate analysis, continuous variables were dichoto-
mised. Univariate analysis with the chi- square test was used to ex-
plore associations with early PONV. The odds ratio (OR) with the 
95% CI was calculated.

Further, a multivariable logistic regression analysis was conducted. 
Variables entered into the model were those with P- values ≤ .25 in 
the univariate analysis. Factors known to influence PONV were also 
included. For variables clearly related to each other (ie, ‘maximal NRS 

>5 at recovery unit’ and ‘rescue opioids at the recovery unit’), we in-
cluded only one of the variables to reduce the dilution of the model. 
Variables based on other variables (simplified PONV score, number of 
given prophylaxis and suboptimal prophylaxis) were for the same rea-
sons not included in the primary model. We used a backward elimina-
tion approach with P > .1 as the significance level for exclusion of the 
variables from the model. For the multivariate models, the adjusted 
odds ratio (aOR) with the corresponding 95% CIs is presented.

Additionally, as suboptimal prophylaxis was a highly significant 
factor in the univariate analysis, we constructed an alternative mul-
tivariate model, based on the primary analysis including this vari-
able, and excluded the variables on which suboptimal prophylaxis was 
based.

3  | RESULTS

Data from 4680 procedures were retrieved from the surgical regis-
try, and a total of 2847 eligible patients were identified and screened 
for inclusion; among them, 86 had received local anaesthesia/seda-
tion, 557 had received regional anaesthesia, 99 had no medical re-
cords, 39 had incomplete data and 36 had undergone a re- operation 
within the same hospitalisation period. After exclusions, the final 
cohort included 2030 patients (Data S1).

3.1 | Patient and perioperative characteristics

The mean age of the patients was 56 ± 18 years, and the majority 
were female (59%). Approximately 70% of patients (n = 1416) re-
ceived volatile anaesthetics; 53% of the patients (n = 1066) under-
went endotracheal intubation, with 40% of outpatient surgeries (518 
of 1297) and 75% of inpatient surgeries (548 of 733) intubated.

A high risk of PONV (PONV score >2) was seen in 31% of all 
patients, and 116 patients (5.7%) received suboptimal PONV pro-
phylaxis. For further characteristics of the cohort, including missing 
values, see Table 1.

3.2 | Post- anaesthesia care unit

The mean time spent at the PACU was 96 ± 98 minutes. There were 
documented assessments of pain in 89% of the patients, and 15% of 
the patients had maximal pain intensity ≥5 on the numerical rating 
scale (NRS) or the visual analogue scale (VAS). Opioids were admin-
istered to 662 patients (33%) in the PACU (Table 2).

3.3 | Early PONV

Early PONV was found in 194 patients (9.6%; CI: 8.3%– 11%). 
Administration of PONV treatment was the main source for identi-
fying early PONV (9.0%; Figure 1 and Table 2).
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TA B L E  1   Patient and perioperative characteristics (n = 2030)

Factor Values
Missing 
values

Age, years 56 (18) 0 (0%)

Females 1203 (59%) 0 (0%)

Height, cm 171 (9.6) 269 (13%)

Weight, kg 80 (18.3) 262 (13%)

BMI, kg m−2 27.3 (5.4) 288 
(14%)

Smokers 216 (11%) 0 (0%)

ASA physical status 9 (0%)

1 641 (32%)

2 985 (49%)

3 367 (18%)

4 28 (1%)

History of PONV 80 (4%) NA

History of motion sickness 323 (16%) NA

Apfel score

0 58 (3%)

1 568 (28%)

2 782 (39%)

3 502 (25%)

4 120 (6%)

Type of care 0 (0%)

Outpatient surgery 1297 (64%)

Inpatient surgery 733 (36%)

Procedure timeline 0 (0%)

Emergency procedures (within 24 h) 504 (25%)

Elective procedures 1526 (75%)

Department 0 (0%)

General surgery 911 (45%)

Orthopaedic 334 (16%)

Urology 269 (13%)

Gynaecology 304 (15%)

ENT 203 (10%)

Other 9 (0%)

Type of surgery 0 (0%)

Major surgery 477 (23%)

Intermediate surgery 1056 (52%)

Minor surgery 497 (24%)

Surgical approach 0 (0%)

Conventional 1120 (55%)

Laparoscopic 387 (19%)

Endoscopic 519 (26%)

Duration of surgery, min 63 (54) 2 (0%)

Duration of anaesthesia, min 118 (68) 0 (0%)

Type of general anaesthesia 0 (0%)

Volatile 1416 (70%)

TIVA 614 (30%)

(Continues)

Factor Values
Missing 
values

Airway management 0 (0%)

Mask 68 (3%)

Laryngeal mask 896 (44%)

Endotracheal intubation 1066 (53%)

Rapid sequence induction 294 (14%) NA

General anaesthesia + regional 
blockade

304 (15%) NA

Opioids given as part of a central block 158 (8%) NA

Intrathecal opioids 84 (4%) NA

Epidural opioids 74 (4%) NA

Long- acting opioids during surgery 393 (19%) NA

Anticipated need for post- operative 
opioids and/or the use of long- acting 
perioperative opioids

739 (36%) NA

PONV prophylaxis NA

TIVA 614 (30%)

Betamethasone 1839 (91%)

Ondansetron 1307 (64%)

Droperidol 250 (12%)

Number of PONV prophylaxis 
administered

0 (0%)

0 54 (3%)

1 546 (27%)

2 908 (45%)

3 440 (22%)

4 82 (4%)

Prophylaxis in relation to PONV risk

Suboptimal 116 (6%)

Optimal 524 (26%)

More than optimal 1390 (68%)

Note: Continuous variables are presented with mean values (±standard 
deviation), and dichotomous variables with numbers of patients (% 
of the total number). Major surgery includes intra- abdominal surgery 
(both laparoscopic and open), intrathoracic surgery, spinal surgery and 
amputation above the knee. Intermediate surgery includes breast surgery, 
ENT surgery, orthopaedic surgery of the upper and lower extremities, 
hernial repair, endoscopic interventional procedures and gynaecologic 
surgery from a vaginal approach. Minor surgery includes endoscopic 
examination, closed reduction of fractures/joint luxations, incision of 
abscesses, extraction of osteosyntheses, excisions/biopsies, perianal 
procedures, gynaecological ablations/hysteroscopies and insertion/
removal of catheters. Apfel score, 1 point for each of the following 
factors: female, non- smoker, use of post- operative opioids and [motion 
sickness OR previous PONV]. Optimal prophylaxis was defined according 
to the Apfel score: 0- 1, no prophylaxis; 2, one prophylaxis; 3, two 
prophylaxis; 4, three prophylaxis. Missing data are not presented for Apfel 
score and prophylaxis in relation to PONV risk as the variables were partly 
based on factors that were only counted if present; see ‘NA’ above.
Abbreviations: ASA physical status, American Society of Anaesthesiologists 
physical status classification system; BMI, body mass index; GA, general 
anaesthesia; NA, not available, as the variables were counted only in the 
presence of the factor; PONV, post- operative nausea and vomiting; RSI, 
rapid sequence induction; TIVA, total intravenous anaesthesia.

TA B L E  1   (Continued)
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The relationship between the number of PONV prophylaxes, 
PONV risk (Apfel score) and early PONV is presented in Data 
S2.

Factors associated with early PONV in the univariate analysis 
included suboptimal prophylaxis (OR 3.43), rescue opioids at the 
recovery unit (OR 3.04), NRS/VAS score ≥5 for pain (OR 2.81), du-
ration of anaesthesia (OR 2.59), long- acting opioids administered 
during anaesthesia (OR 2.12), major surgery (OR 2.34) and BMI 
>35 kg m−2 (OR 2.15). Further details and other associated factors 
are presented in Table 3.

In the multivariate model, the strongest independent factors as-
sociated with early PONV were rescue opioids in the PACU (aOR 
2.52), major surgery (aOR 2.44), female sex (aOR 2.16), anaesthe-
sia time >60 minutes (aOR 2.15), long- acting opioids administered 
during anaesthesia (aOR 2.10) and PONV prophylaxis: ondansetron 
(aOR 0.28) and droperidol (aOR 0.36). Further details and other as-
sociated factors are presented in Table 4.

In the alternative multivariate model, when suboptimal pro-
phylaxis was entered as an independent variable, the strongest in-
dependent factors associated with early PONV were suboptimal 
prophylaxis (aOR 4.11), rescue opioids at the recovery unit (aOR 
2.55) and BMI >35 kg m−2 (aOR 2.08). Further details and other as-
sociated factors are presented in Table 5.

4  | DISCUSSION

In this mixed- patient cohort, we found that every 10th patient un-
dergoing GA experienced early PONV in the PACU. Several factors 
associated with early PONV were identified. Suboptimal PONV 

prophylaxis, in addition to previously acknowledged risk factors for 
PONV, was associated with early PONV.

The risk of early PONV in this study cohort was in the lower 
range compared with previous studies, where risks of 10%– 45% 
have been reported.3,8,10,11 PONV risk is dependent on the case mix 
of the cohort, and the higher risks observed in other studies can be 
explained by the selection of patients/procedures at a higher risk for 
PONV. In addition, the majority of patients in our study cohort were 

Value
Missing 
values

Time spent in the PACU, min 96 (99) 0 (0%)

PONV at PACU, number of patients 194 (10%) NA

Documentation of nausea and/or vomiting in the medical 
records

28 (1%) NA

Documentation of PONV treatment in the medical 
records

182 (9%) NA

Registration of PONV in the local surgical registry 71 (3%) NA

Pain at the PACU

Documentation of opioids given, in the medical records, 
number of patients

662 (33%) NA

Documentation of the highest pain level in the medical 
records, NRS

1.4 (2.5) 227 (11%)

Pain level NRS ≥5, number of patients 274 (15%) NA

Registration of [need for pain relief] in the local surgical 
registry, numbers of patients

389 (19%) NA

Note: PONV at PACU was defined as PONV up to 4 h.
Abbreviations: NA, not available, as the variable was counted only in the presence of the factor; 
NRS, numeric rating scale; PACU, post- anaesthesia care unit; PONV, post- operative nausea and 
vomiting.

TA B L E  2   Outcome variables as 
numbers (% of total numbers) or mean 
values (standard deviation)

F I G U R E  1   Sources for identification of patients with early post- 
operative nausea and vomiting (PONV) (9.0%, 194 of 2030)

PONV treatment 
9.0 % (n=182)

Documentation 
PONV
1.4 % (n=28)

PONV in local registry
3.5 % (n=71)
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TA B L E  3   Risk of PONV during the first 24 h after surgery with unadjusted odds ratios for variables that have the potential to be 
associated with PONV

Variables
Number of 
patients

Number of patients with 
PONV (%) Unadjusted OR (CI)

P- value (chi- 
square test)

Patient characteristics

BMI

>35 kg m−2 148 26 (18) 2.21 (1.40- 3.50) <.001

≤35 kg m−2 1594 140 (9)

Gender

Female 1203 135 (11) 1.65 (1.19- 2.27) .002

Male 827 59 (7)

Age

<50 years 695 73 (11) 1.18 (0.87- 1.60) .30

≥50 years 1335 121 (9)

History of PONV

Yes 80 6 (8) 0.76 (0.33- 1.77) .52

No 1950 188 (10)

History of motion sickness

Yes 323 36 (11) 1.23 (0.84- 1.80) .29

No 1707 158 (9)

Smoking

Yes 216 23 (11) 1.15 (0.72- 1.81) .56

No 1814 171 (9)

ASA physical status

1- 2 1626 145 (9) 0.69 (0.49- 0.98) .035

3- 4 395 49 (12)

Simplified PONV score

0- 1 626 45 (7) Reference .008

2 782 72 (9) 1.31 (0.89- 1.93)

3- 4 622 77 (12) 1.82 (1.24- 2.68)

Intraoperative variables

Type of surgery

Inpatient 733 89 (12) 1.57 (1.16- 2.11) .003

Outpatient 1297 105 (8)

Acute 504 48 (10) 1.01 (0.71- 1.41) .98

Elective 1526 146 (10)

Major 477 79 (17) 2.33 (1.67- 3.24) <.001

Intermediate 1056 83 (8) Reference

Minor 497 32 (6) 0.81 (0.53- 1.23)

Conventional 1124 96 (9) Reference .0012

Laparoscopic 387 56 (14) 1.81 (1.27- 2.58)

Endoscopic 519 42 (8) 0.94 (0.65- 1.37)

Time of surgery

≥60 min 809 106 (13) 1.94 (1.44- 2.61) <.001

<60 min 1218 88 (7)

Time of anaesthesia

≥60 min 1735 181 (10) 2.53 (1.42- 4.50) .0011

(Continues)
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Variables
Number of 
patients

Number of patients with 
PONV (%) Unadjusted OR (CI)

P- value (chi- 
square test)

<60 min 295 13 (4)

Rapid sequence induction

Yes 294 41 (14) 1.68 (1.16- 2.43) .0056

No 1736 153 (9)

Anticipated need for post- operative opioids including long- acting opioids given before and during anaesthesia

Yes 739 90 (12) 1.58 (1.17- 2.13) .0024

No 1291 104 (8)

Long- acting opioids given during anaesthesia

Yes 393 63 (16) 2.19 (1.59- 3.03) <.001

No 1637, 131 (8)

Regional blockade in combination with GA

Yes 304 39 (13) 1.49 (1.03- 2.17) .035

No 1726 155 (9)

Intrathecal (spinal) opioids

Yes 84 13 (15) 1.79 (0.97- 3.29) .059

No 1946 181 (9)

Epidural opioids

Yes 74 9 (12) 1.33 (0.65- 2.71) .44

No 1956 185 (9)

Total intravenous anaesthesia (TIVA)

Yes 614 67 (11) 1.24 (0.91- 1.70) .17

No 1416 127 (9)

PONV prophylaxis used

Ondansetron

Yes 1307 96 (7) 0.51 (0.38- 0.68) <.001

No 723 98 (13)

Betamethasone

Yes 1839 171 (9) 0.75 (0.47- 1.19) .22

No 191 23 (12)

Droperidol

Yes 250 13 (5) 0.48 (0.27- 0.86) 0.012

No 1780 181 (10)

Number of prophylaxis

0- 1 600 73 (12) 1.50 (1.10- 2.04) .010

2 1430 121 (8)

Suboptimal prophylaxis

Yes 116 28 (24) 3.35 (2.13- 5.28) <0.001

No 1914 166 (9)

Post- operative pain

Max NRS ≥5 at PACU

Yes 274 48 (18) 2.79 (1.93- 4.04) <.001

No 1529 108 (7)

Rescue opioids at PACU

Yes 662 109 (16) 2.98 (2.20- 4.02) <.001

TA B L E  3   (Continued)

(Continues)
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scheduled for surgery under GA. Thus, the results of this study may 
reflect the general risk of early PONV more reliably than that of pre-
vious reports. Because we identified early PONV most commonly 
from PONV treatment noted in medical charts, we cannot rule out 
an underestimation of a true PONV incidence.

Opioids, both long acting administered during the procedure and 
those given at the PACU, are known to increase the PONV risk.17,18 
In line with these reports, opioids were found to be among the stron-
gest factors associated with early PONV, in both the univariate and 
multivariate models even in our study cohort.

Volatile anaesthesia is a known risk factor for early PONV,2 
and by using TIVA, the risk can be reduced.19,20 However, patients 
anaesthetised with TIVA did not show a reduced PONV risk com-
pared with patients administered volatile agents. There is an ob-
vious risk of selection bias with our retrospective study design, 
and if there was an overall higher PONV risk for patients receiving 
TIVA in our cohort, we might not find any differences. Further, it is 
possible to compensate for the higher PONV risk of volatile agents 
by providing more prophylaxis.21 Therefore, our results may also 
indicate that PONV prophylaxis was given correctly according 

Variables
Number of 
patients

Number of patients with 
PONV (%) Unadjusted OR (CI)

P- value (chi- 
square test)

No 1368 85 (6)

Suboptimal prophylaxis

Yes 116 28 (24) 3.35 (2.13- 5.28) <.001

No 1914 166 (9)

Note: The number of patients is the total number of patients in the subgroup.
Abbreviations: BMI, body mass index; CI, 95% confidence interval; NRS, numerical rating scale; PACU, post- operative care unit; PONV, post- 
operative nausea and vomiting.

TA B L E  3   (Continued)

Variables
Adjusted odds 
ratio 95% CI

P- 
value

Ondansetron administered during anaesthesia 0.29 0.19- 0.42 <.001

Droperidol administered during anaesthesia 0.36 0.19- 0.69 .002

Rescue opioids at the recovery unit 2.41 1.68- 3.46 <.001

Major surgery 2.36 1.49- 3.75 <.001

Female gender 2.26 1.26- 3.48 <.001

Long- acting opioids administered during 
anaesthesia

2.20 1.27- 3.73 .005

Anaesthesia time ≥60 min 2.10 1.05- 4.20 .035

BMI >35 kg m−2 2.10 1.26- 3.48 .004

Laparoscopic procedure 0.49 0.27- 0.91 .024

Betamethasone administered during 
anaesthesia

0.53 0.31- 0.91 .022

History of motion sickness 1.84 1.16- 2.90 .009

Outpatient surgery 1.41 0.96- 2.07 .076

Note: Variables entered in the logistic regression model: BMI >35 kg m−2, female sex, age < 50 years, 
history of motion sickness, history of PONV, smoking status, ASA class, outpatient surgery (ambulatory), 
major surgery, laparoscopic surgery, time of anaesthesia ≥60 min, rapid sequence induction, anticipated 
need for post- operative opioids, long- acting opioids administered during anaesthesia, regional block, 
spinal opioids, total intravenous anaesthesia, ondansetron as PONV prophylaxis and betamethasone as 
PONV prophylaxis; droperidol as PONV prophylaxis; rescue opioids at the recovery unit. Variables were 
excluded one by one if P > .10. Variables entered in the logistic regression model: BMI >35 kg m−2, 
female sex, age < 50 years, history of motion sickness, history of PONV, smoking status, ASA class, 
outpatient surgery (ambulatory), major surgery, laparoscopic surgery, time of anaesthesia ≥60 min, 
rapid sequence induction, anticipated need for post- operative opioids, long- acting opioids administered 
during anaesthesia, regional block, spinal opioids, total intravenous anaesthesia, ondansetron as PONV 
prophylaxis and betamethasone as PONV prophylaxis; droperidol as PONV prophylaxis; rescue opioids 
at the recovery unit. Variables were excluded one by one if P > .10.
Abbreviations: BMI, body mass index; CI, confidence interval; PONV, post- operative nausea and 
vomiting.

TA B L E  4   Multivariate analysis of 
independent risk factors associated with 
early PONV (n = 1742)
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to PONV risk and that TIVA may be considered as a prophylactic 
intervention.

A longer duration of anaesthesia (>60 minutes) was associated 
with early PONV. Long exposure to surgery and anaesthetic drugs 
are known to increase the risk of PONV.13,22

To reduce the risk of PONV, it is crucial to administer proper 
PONV prophylaxis in relation to an assessed PONV risk using the 
Apfel score.13 With our model stating the minimum amount of 
PONV prophylaxis in relation to PONV risk, we found that early 
PONV was associated with suboptimal PONV prophylaxis adminis-
tered to patients. Other studies indicate that even when PONV risk 
models are implemented in a clinical setting and accompanied with 
prophylactic recommendations, the PONV risk is still high due to low 
adherence to guidelines.23 We may further speculate that PONV risk 
would decrease if patients with suboptimal prophylaxis were given 
adequate prophylaxis; but as there might be other confounding fac-
tors involved, our result only indicates that it might be a target for 
improvements.

Patients with three or four risk factors receiving two prophylac-
tic interventions had a higher risk of early PONV (13- 14%), indicating 
that the recommended routine for PONV prophylaxis may not be 
enough.13 Indeed, in the recently published fourth consensus guide-
lines for the management of PONV, a more liberal administration of 
PONV prophylaxis in patients with risk factors is recommended.24 
By following these new guidelines, potential reduction of the risk for 
PONV may occur.

Two thirds of patients were considered to have been given more 
prophylaxis than standard, and PONV risk was lower among those 
patients compared with patients with an optimal prophylaxis. This is 
in accordance with the new recommendations of PONV prophylaxis. 

However, as the Apfel score was based on chart reviews, we could 
have missed factors included in the score leading to a wrong classifi-
cation of patients and resulting in a lower score.

The majority of our patients (53%) underwent endotracheal in-
tubation during the procedures, which might be considered high for 
a consecutive flow of patients. However, patients receiving regional 
anaesthesia only were not included in our study cohort, and 25% 
of our patients underwent emergency procedures, which may lead 
to more instances of endotracheal intubations when compared with 
elective procedures.

The limitations of this retrospective observational study are 
acknowledged. All data were based on routine perioperative doc-
umentation; thus, there is a risk for missing or improper data regis-
tration. The observed risk of nausea and vomiting depends solely on 
the documentation of these events; that is, by possible missed doc-
umentation, the true PONV risk may be higher than that reported 
in this study. Further, the definition of PONV was based on three 
sources, and the administration of PONV treatment was the main 
source of finding early PONV in our study. Only a few patients had 
documented post- operative PONV. This is in line with previous ob-
servations showing that the routine documentation of PONV might 
be insufficient.1 Further, the administration of PONV treatment was 
not standardised, and there might have been more patients with 
PONV not receiving treatment. Also, we did not capture PONV after 
discharge from the PACU, and therefore, the true PONV risk up to 
4 hours post- operatively might be further underestimated.

As some variables were only documented on positive reporting 
(eg, motion sickness and smoker), there is an obvious risk for false 
negative values leading to wrong estimations of risks and associa-
tions that has to be taken into account in the interpretation of our 

Variables
Adjusted odds 
ratio 95% CI

P- 
value

Suboptimal PONV prophylaxis 4.05 2.51- 6.70 <.001

Rescue opioids at the recovery unit 2.41 1.70- 3.42 <.001

BMI >35 kg m−2 2.08 1.28- 3.39 .003

Major surgery 1.94 1.21- 3.11 .006

Long- acting opioids administered during 
anaesthesia

1.86 1.13- 3.09 .015

Regional blockade 1.57 0.97- 2.54 .068

Laparoscopic procedure 0.59 0.32- 1.08 .088

Note: Variables entered in the logistic regression model: BMI >35 kg m−2, age < 50 years, ASA class, 
outpatient surgery (ambulatory), major surgery, laparoscopic surgery, time of anaesthesia ≥60 min, 
rapid sequence induction, long- acting opioids administered during anaesthesia, regional block, spinal 
opioids, rescue opioids at the recovery unit and suboptimal PONV prophylaxis. Variables were excluded 
one by one if P > .10. The variable suboptimal prophylaxis was based on the relation between the 
simplified PONV score (including the following factors: female gender, non- smoking status, history 
of motion sickness or previous PONV and the anticipated need for post- operative opioids) and the 
number of PONV prophylaxis given (betamethasone, ondansetron, droperidol and total intravenous 
anaesthesia). If the number of PONV prophylaxis was >1 less than the PONV score, the prophylaxis 
was regarded as suboptimal.
Abbreviations: BMI, body mass index; CI, confidence interval; PONV, post- operative nausea and 
vomiting.

TA B L E  5   Multivariate analysis of 
independent risk factors associated with 
early PONV using an alternative model 
including suboptimal PONV prophylaxis as 
an independent variable (n = 1734)
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results. To further explore and confirm factors associated with early 
PONV, we suggest studies to be prospective with a pre- defined 
standard in the collection of data. With a retrospective design, many 
of the variables collected may have low accuracies in a mixed- case 
cohort. Our study was also limited by the variables included, and 
there are many other possible confounders, for example, analgesic 
premedication, which might be associated with early PONV.

The strength of our study was that a majority of all adult pa-
tients receiving GA in our hospital were included. However, this 
study describes the PONV risk at only one hospital, thus limit-
ing the generalisability of the results. Furthermore, our study 
only described the PONV risk up to the first four post- operative 
hours. Many patients experience their first episode of PONV after 
discharge from the PACU, and to report PONV during the whole 
post- operative course, patients should be observed for several 
days after discharge.10,11

We consider early PONV as potentially an important indicator 
for the overall PONV risk, and if used in, for example, audits, it may 
be a valuable tool in PONV- reducing strategies. To further explore 
the role of early PONV, we plan to confirm our findings of the risk 
estimates with national data from the Swedish perioperative registry 
(SPOR). Our results also warrant prospective multicentre studies on 
the relations between early and late PONV and associated factors.

In conclusion, we found that almost every 10th patient under 
GA experienced early PONV and we are, to our knowledge, the first 
to identify risk factors in a mixed- case cohort. Suboptimal PONV 
prophylaxis, in addition to previously acknowledged risk factors for 
overall PONV, was associated with early PONV. Our results also 
highlight the importance of a more liberal approach to PONV pro-
phylaxis and of adhering to PONV guidelines. Further, we suggest 
future prospective studies evaluating early PONV as an indicator for 
overall PONV.
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